Abstract: We used thermocapillary stresses induced locally by laser on flowing drops to build high throughput drop switchers and sorters for digital microfluidics. Since the laser is disconnected to the chip, the method does not require dedicated micropatterning. We show switching efficiencies of 100% for drop velocities up to 1.3 cm s , demonstrate the involved mechanism and apply laser switching for sorting droplets of different nature for lab-on-a-chip applications.
Droplet microfluidics, also called digital microfluidics, is now recognized as a revolutionary technique for managing high-throughput massively multiplexed arrays of chemical microreactors or biological assays with small quantities of reagents. 1 However, as soon as fast flowing nanoliter droplets are used as tight fluid reactors or carriers, new reliable fluid-handling micro-technologies are required to handle accurately these droplets within the robust environment of microchannels. While the geometry is able to manage drop formation through flow focusing 2 or T junctions, 3 challenges still remain for controlling droplet traffic. For instance, sorting needs an external forcing. Different approaches were proposed, involving mechanical, 4 electric, 5 optical, 6 and thermal 7 actuation. Two techniques are nevertheless able to manage high droplet velocities: digits were thermally switched at flow velocities of the order of − 2 3 mm s 8 and dielectrophoretically sorted up to 3 cm s . 9 Nonetheless, these sorters need dedicated micropatterning for implanting local heating sources and electrodes, thus preventing further spatial and real-time reconfiguration of the external forcing.
In this Letter, we propose an alternative where the forcing fulfills these requirements. It is based on laserinduced localized thermocapillary stresses on the interface of flowing droplets (also known as Marangoni effect 10 ) and allows for controlled high throughput sorting. Exploiting the fact that thermocapillary forces of the µN range are produced with low power lasers, 11 we demonstrate switching efficiencies of for drop velocities up to the 100% cm s and illustrate the ability of laser switching for sorting different type of droplets in lab-on-a-chip devices. A typical experiment is presented in Figure 1 To explain this effect, not observed with pure water drops (see below), we assume that local laser heating induces interfacial tension gradients which produce in turn a net thermocapillary force on the drop whose behavior is imposed by the sign of the rate of change of interfacial tension with temperature ( ) σ ∂ ∂T . In our system, ( ) σ ∂ ∂ > T 0 due to the large concentration in surfactant, 12 yielding to a thermocapillary force that pushes drops away from the beam. Consequently, as far as the heat diffusion time Finally, the local thermocapillary forcing explains the slowing down followed by acceleration in the x direction observed transiently in Figure 2 when the drop front hits the beam and its rear leaves the shined region.
The beam power variation of the droplet switching efficiency is illustrated in the Inset of Figure 3 at power above threshold. This thermocapillary sorting is illustrated in Figure 4 where water/dye and pure water droplets, produced alternatively, are shown to separate at the Y junction with 100% efficiency.
In conclusion, we demonstrated high velocity droplet switching and sorting in microchannels based on laser-induced thermocapillary stresses. Due to the steepness variation of the switching efficiency threshold, droplets can be screened in velocity, radius and optical absorption. Moreover, the involved times scales of a few allow for digital sorting at the range, a rate sufficient for screening 
